Background 25 Sleep and physical activity are modifiable behaviors that play an important role in preventing 26 overweight, obesity, and metabolic health problems. Studies of the association between 27 concurrent objective measures of sleep, physical activity, and metabolic risk factors among 28 adolescents are limited. 29 Objective 30
to the nearest 0.1 cm using a tape measure next to skin at the narrowest place between the lowest 141 rib and the iliac crest. Fat-free and fat mass were measured with dual-energy X-ray 142 absorptiometry (DXA) using a GE LUNAR scanner (General Electric Lunar iDXA) at the 143 Icelandic Heart Association. All DXA measurements were performed by a certified radiologist. 144 Body fat percentage was calculated by dividing total fat mass by the total body mass (fat mass 145 + lean mass + bone mineral content) and trunk fat percentage was calculated by dividing the 146 total trunk fat mass by total trunk mass. Resting blood pressure was measured on the left arm 147 of seated participants and the average of three measurements was used for analysis.
148

Serum measures 149
Fasting blood samples were obtained using standard procedures after overnight fasting; 150 samples were analyzed for glucose and insulin. Insulin (mU/L) in serum was measured using 151 the INSULIN assay from Roche, a sandwich electrochemiluminescence immunoassay ECLIA 152 on Cobas e 411 (Roche, Switzerland). The inter-assay coefficient of variation was < 5.06% 153 using a frozen serum pool and < 2.36% using quality control samples from Roche. Glucose
154
(mmol/L) in serum was measured using the GLUC2 assay from Roche, an enzymatic reference 155 method with hexokinase. The measurements were done on a Cobas e 311 (Roche, Switzerland).
156
The inter-assay coefficient of variation was <1.65% using a frozen serum pool and <1.66% 157 using quality control samples from Roche.
158
Survey questions and environmental data 159
Students provided the educational attainment of both mother and father from the 160 following options (presented in Icelandic): 1 = "elementary degree", 2 = "secondary degree", 3 161 = "trade school degree", 4 = "university degree", 5 = "other", 6 = "do not know", 7 = "do not 162 want to answer". For the current analysis, responses were recoded into a binary variable: 1 = 163 "parent with a university degree" or 0 = "no parent with a university degree", as described previously [30] . Information on day length (hours of day light) was obtained from National Chi-squared tests and unpaired T-tests showed no differences in the gender distribution, 169 parental education, age, body composition, or cardiometabolic risk markers of participants with 170 and without complete actigraphy data (Table S1) . T-test for independent samples was used to 
Results
186
Participant characteristics are shown in Table 2 . Although boys were taller and heavier 187 than girls, BMI (overall mean = 21.9±3.0 kg/m 2 ) did not differ between the sexes. Overall, 87% 9 188 of the participants had BMI below 25 kg/m 2 , 10% had 25< BMI <30 kg/m 2 , and 2.5% had BMI 189 > 30 kg/m 2 . Boys had lower total body and trunk fat percentage, smaller waist circumference, 190 and slightly higher systolic pressure, but there were no sex differences in age, parental 191 educational attainment, or serum insulin and glucose levels. Participants with and without a 192 parent with a university degree did not differ in characteristics, body composition, blood 193 pressure, or serum insulin and glucose (Table S2 ). 
194
196
Sleep and physical activity parameters did not differ between the sexes (Table 3) or 197 between those with or without a parent with a university degree (Table S2) 
207
The association of metabolic risk factors to physical activity and sleep duration, quality, 208 and variability are shown in 
228
The association of metabolic risk factors to average bedtime and nightly bedtime 229 variability is shown in but not mean sleep duration, was associated with greater central adiposity [18] . However, we 278 did not find an association between average bedtime and blood pressure, as demonstrated by 279 Mi, et al in a group of mostly younger adolescents (12.4 ± 2.6 y) [17] . It is also worth noting 280 that our Icelandic cohort was generally lean, with a 12% prevalence of overweight and obesity.
281
Thus, our results may reflect a more subtle relationship between sleep parameters and body 282 composition than found in studies with greater prevalence of overweight and obesity. 283 We also found that more wakefulness during the sleep period (WASO) was associated 284 with higher systolic blood pressure. This agrees with a previous cross-sectional analysis of 285 healthy adolescents which reported that lower actigraphy-measured sleep quality was 286 associated with pre-hypertension and hypertension [33] . Surprisingly, increased variability in 287 bedtime was associated with lower systolic blood pressure. This study has some limitations. The sample size was relatively small (n=251). 
